Introduction
The non-classical major histocompatibility complex (MHC) class I molecule, human leukocyte antigen (HLA)-G, has gained a lot of interest in reproductive immunology because of its predominant expression in trophoblast cells. HLA-G differs from other MHC class I molecules by its low polymorphism, truncated cytoplasmic tail and the existence of seven splice variants (Geraghty et al., 1987; Ishitani and Geraghty, 1992; Fujii et al., 1994; Kirszenbaum et al., 1994; Paul et al., 2000a) . In particular, the full length HLA-G isoform (HLA-G1) has clearly been shown to be expressed at the cell surface or expressed and secreted in a soluble form (HLA-G5) (Bainbridge et al., 2000a; Mallet et al., 2000; Paul et al., 2000a) . Cell surface expression of the other membrane-bound isoforms (HLA-G2, -G3 and -G4) has recently also been shown on transfected cells (Riteau et al., 2001) . However, whether these shorter isoforms of HLA-G are really expressed under physiological conditions is still a subject of debate (Bainbridge et al., 2000a; Mallet et al., 2000) .
The restricted expression of HLA-G at the maternal-fetal interface suggests that it may play a major role in the immune tolerance of the semi-allogenic fetus by the mother. Functional studies have shown that HLA-G is a potential modulator of different immune responses. It has the capacity to function as a restriction element for mouse CD8ϩ cytotoxic T cells (Horuzsko et al., 1997) . HLA-G has also been shown to form a ligand for several killer inhibitory receptors present on natural killer cells, myelomonocytic cells and/or T cell subsets (Cantoni et al., 1998; Navarro et al., 1999; Pazmany et al., 1999) . Through these receptors HLA-G might be able to modulate cytotoxicity, cytokine production and proliferation, as has been shown 776 © European Society of Human Reproduction and Embryology in vitro (Maejima et al., 1997; Riteau et al., 1999; Bainbridge et al., 2000b; Kapasi et al., 2000) . Furthermore, in-vitro studies with soluble HLA-G have shown induction of apoptosis of blast-like cells (Fournel et al., 2000a) , an effect on the release of cytokines from peripheral blood mononuclear cells (Kanai et al., 2001 ) and inhibition of proliferative allo-responses (Lila et al., 2001) .
If HLA-G is indeed essential for successful embryo implantation and early pregnancy, it is of interest to study the level of expression of soluble HLA-G in several biological fluids derived from women with and without fertility problems. In order to measure soluble HLA-G, different groups have reported the use of ELISA techniques using different monoclonal antibodies. However, for most of these antibodies cross-reactivity with other HLA molecules can not completely be excluded. Alternatively, when no HLA-G specific antibodies were available, indirect methods, including immunodepletions, have been used (Athanassakis et al., 1999; Fournel et al., 1999; Puppo et al., 1999; Rebmann et al., 1999) . A study has been described in which different sandwich ELISA methods to detect soluble HLA-G were compared (Fournel et al., 2000b) . However, the well characterized, highly HLA-G specific antibody G233 (Loke et al., 1997) was not used in this study. Here, we describe a reliable and sensitive HLA-G specific sandwich ELISA in which G233 is used as the coating antibody and 56B as the detecting antibody. In comparison with two other assays, this assay shows highest responses to recombinant HLA-G and native HLA-G in primary trophoblast culture supernatant and high responses to HLA-G in amniotic fluid. No HLA-G in follicular fluid or preimplantation embryo culture supernatant could be detected. A different assay, in which BFL.1 is used as the detecting Figure 1 . Western blot of 1% CHAP-lysates from several cell lines stained by 56B. Cells (5ϫ10 7 /ml) were lysed in 25 mmol/l Iodoacetamide, 5 mmol/ l sodium orthovanadate, 1% CHAPS and 200 µg/ml PMSF and 5 µl of each lysate was loaded onto the gel. Lane 1: LCL 721.221 lysate, lane 2: LCL 721.221-G (transfected with full length HLA-G), lane 3: low range marker, lane 4: K562 lysate, lane 5: K562-G (transfected with full length HLA-G), lane 6: JEG-3 lysate. After running, the gel was blotted on Hybond ECL nitrocellulose membrane (Amersham). The membrane was blocked by 5% blocking reagent (Amersham) and incubated overnight at 4°C with 2 µg/ml 56B in 0.5% PBST and 10% goat serum. Final steps were performed with second antibody and conjugate from the Elite Vectastain ABC kit (Vector Laboratories) and with ECL solutions and ECL hyperfilm from Amersham. Arrows indicate bands of~40 kDa in the HLA-G transfected cell lines (lanes 2 and 5) and two bands of~37 and 39 kDa in the JEG-3 lysate (lane 6).
Figure 2.
Immunohistochemical staining of a paraffin section of a first trimester human implantation site by 56B. Paraffin sections were subjected to high temperature antigen unmasking in 0.01 mol/l citrate buffer before staining. Antibody incubations were performed at room temperature in a humid atmosphere for 30 min each and sections were washed twice for 5 min in PBS between steps. Sections were preblocked for 20 min with 2% normal horse serum. An optimal dilution of 56B was used for staining. Sections were incubated with biotinylated anti-mouse IgG (Vector; raised in horse, pre-incubated for 30 min with 10% human serum before use), followed by Vector ABC avidin-biotin-HRP complex. HRP was developed with diaminobenzidine and sections were counterstained with Carazzis haematoxylin. 56B labelled villi (syncytiotrophoblasts and cytotrophoblasts), columns (both anchoring cytotrophoblasts and extravillous cytotrophoblast shell) and interstitial trophoblast cells which migrate through the decidua. Some background nuclear labelling was observed in many cells and could not be blocked by serum.
antibody, shows a response in amniotic fluid only. Furthermore, when testing a large number of amniotic fluids by this assay and by the combination of G233 and 56B-biotin, the outcomes do not correspond. Generation of the construct for a recombinant single chain soluble HLA-G. A first PCR was performed on a placental clone using HLA-G specific primers (a and b) followed by a second PCR using primers c and d both including part of a linker (respectively L1 and L2) and an enzyme restriction site. A PCR was performed on a β 2 M clone using primers e and f that included enzyme restriction sites and (for primer e) part of the linker sequence (L2). The front part of the construct, consisting of the leader peptide (Lp), the HLA-G binding peptide (pep), and a linker (L1), was generated by annealing eight overlapping oligonucleotides (oligo) (of which the first and last one contained enzyme restriction sites). All three resulting fragments were ligated into one large fragment which was cloned into the pNGV1 expression vector. 5) and Western blot (lanes 6 and 7) of the recombinant sHLA-G product. Purified recombinant soluble HLA-G was put on a 4-12% gradient Nupage gel (lanes 2, 6 and 7; in lane 6 the product was not yet desalted), next to a broad range protein marker (lane 1) and a concentration range (0.5, 1 and 2 µg) of a protein standard (carbonic anhydrase) (respectively lanes 3, 4 and 5). For the Western blot the gel was blotted onto PVDF membrane, blocked with 5% skim milk in PBS-Tween and incubated with 5 µg/ml 56B in PBS-Tween. After several washes with PBS-Tween, goat-anti-mouse IgG-HRP (Promega) in PBS-Tween was added and immunocomplexes were visualized by staining with 0.6 mg/ml DAP (3,3Ј-Diaminobenzidine tetrahydrochloride)/0.6 mg/ml CoCl 2 solution with 0.003% H 2 O 2 . Using densitometry both purity and concentration of the recombinant product were defined: 85% purity and a concentration of 8.4 µg/ml. The recombinant protein (with a size of 48 kDa) and degradation products were specifically stained by 56B.
Materials and methods

Monoclonal antibodies
G233 (IgG2a, κ) is an HLA-G specific antibody generated by immunization of HLA-A2.1/human β 2 m double transgenic mice with murine L-cells transfected with both human β 2 m and HLA-G (Loke et al., 1997) . W6/32 (IgG2a) recognizes β 2 m-associated HLA class I (Barnstable et al., 1978) . BFL.1 Figure 5 . HLA-G specific sandwich ELISA methods tested on amniotic fluid. (A) Responses to one pool of amniotic fluid using different capturing monoclonal antibodies (2 µg/ml W6/32, 2 µg/ml G233, 2 µg/ml 56B or no antibody) in combination with BFL.1-biotin (1.25 µg/ml) or a biotinylated isotype control (1.25 µg/ml) as the detecting antibody. (B) Responses to one pool of amniotic fluid using different capturing monoclonal antibodies: W6/32 (2 µg/ml), G233 (2 µg/ml), 56B (2 µg/ml) or no antibody in combination with 56B-biotin (0.5 µg/ml), W6/32-biotin (10 µg/ml) or G233-biotin (3 µg/ml) as the detecting antibody. All responses have been corrected for background (assay buffer control). Results shown are representative for all assays performed (at least twice).
(IgG2a; Coulter Immunotech) is an HLA-G specific antibody (Bensussan et al., 1995) . Antibody 56B was generated and characterized as described below.
Generation of 56B
Antibody 56B was generated by immunization of Balb/c mice with a peptide corresponding to amino acids 138-158 of the α2 domain of HLA-G coupled to keyhole limpet haemocyanin. The α2 domain of HLA-G (TAAQISKRK-CEAANVAEQRRA) represents a region of very low homology to other HLA class I molecules and within the structure of HLA-G it is well accessible for antibody binding. Mice were immunized with 100 µg of the peptide in Complete Freunds Adjuvant s.c.; booster-immunizations were given 3 and 6 weeks later with 50 µg peptide in Incomplete Freunds Adjuvant and a final booster was given i.p. with 50 µg peptide without adjuvant. The mouse with the highest serum antibody titre against the same peptide coupled to bovine serum albumin (BSA) was selected. Four days after the last booster, splenocytes from the selected mouse were isolated and fused with NS.1 myeloma cells by electrofusion. Cells were cultured in selection medium containing hypoxanthine/thymidine (Sigma). After 8 days supernatants from all growing hybridomas were tested for their reactivity on BSA-coupled peptide by ELISA. Reactive supernatants were then tested for their reactivity on several cell lines by FACS analysis. The following cell lines were used: JEG-3 and BeWo (both choriocarcinoma cell lines expressing HLA-G); LCL721.221 (HLA-null lymphoblastoid cell line), K562 (erythroleukaemia cell line) and their HLA-778 G1 transfectants, LCL721.221-G1 and K562-G1; IM9 and 293T (respectively a lymphoma and fibroblast cell line expressing HLA-A, -B and -C). Hybridomas positive on all HLA-G expressing cell lines and negative on all HLA-G null cell lines were selected. These hybridomas were subcloned by limiting dilution. The clone with the best reactivity pattern, 56B, was isotyped as IgG2b, κ (shown by IsoStrip TM ; Boehringer Mannheim).
Characterization of 56B
56B recognized the denatured heavy chain from HLA-G derived from 1% CHAPS lysates of K562-G1, LCL721.221-G1 and JEG-3 cells on a Western blot ( Figure 1 ). The parental cell lines (K562 and LCL721.221) and IM9 cells (not shown) were used as negative controls (Figure 1 ). On this Western blot, other proteins besides HLA-G also seem to be stained by 56B, indicating a broader specificity of this antibody. In contrast to W6/32 (anti HLA-class I/β 2 m), 56B did not immunoprecipitate HLA-G from lysates of these HLA-G expressing cells that were membrane surface biotinylated. Using a 56B-coupled column, we were able to purify recombinant HLA-G from cell culture supernatant. Furthermore, 56B was found to stain all populations of trophoblast cells in both acetone-fixed frozen sections and formalin-fixed paraffin sections of first trimester human placenta (Figure 2) . Since HLA-G is known to be expressed specifically on extravillous trophoblasts, 56B seems to again recognize more than HLA-G alone on these placental sections.
Amniotic and follicular fluid, embryo and trophoblast culture supernatant
Amniotic fluid was collected from standard transabdominal amniocentesis on indication of maternal age. Villous material and cellular components were spun down and the supernatant was collected in low protein binding tubes (MiniSorp TM ; Nunc, Wiesbaden, Germany) and stored at -80°C until use. One pool containing equal amounts of 10 different amniotic fluids was used as a standard reference in the sandwich ELISA.
For the isolation of trophoblast cells, first trimester (6-12 weeks gestation) placental tissue was obtained from vaginal termination of pregnancy and processed immediately, according to the method described previously (Burrows et al., 1993) . Trophoblast cells were pooled from three to four placentae. Figure 6 . HLA-G specific sandwich ELISA methods tested on recombinant soluble HLA-G. Dose-dependent responses to recombinant soluble HLA-G by the three sandwich ELISA methods, corrected for background response (dilution buffer). The concentrations of antibodies used were 2 µg/ml for all coating antibodies, 2.0 µg/ml for 56B-biotin and 2.5 µg/ml for BFL.1-biotin. A pool of amniotic fluids was included in each assay as the control; corrected OD 450 values were: 2.4 for 56B/BFL.1; 1.3 for W6/32/56B and 0.56 for G233/56B. Results shown are representative for the two assays performed.
Figure 7. HLA-G specific sandwich ELISA methods tested on human trophoblast culture supernatant. Responses on three pools of supernatants: one derived from 1 day, one from 3 days and one from 4 days in-vitro cultured human trophoblasts. Samples, 10ϫ and 5ϫ concentrated, undiluted and 2ϫ diluted, were measured by three types of sandwich ELISA: 56B (2 µg/ml) in combination with BFL.1-biotin (2.5 µg/ml), W6/32 (2 µg/ml) in combination with 56B-biotin (2 µg/ml) and G233 (2 µg/ml) in combination with 56B-biotin (2 µg/ml). Responses have been corrected for background responses towards culture medium alone. A pool of amniotic fluids was included in each assay as the control; corrected OD 450 values were: 1.7 for 56B/BFL.1; 1.4 for W6/32/56B and 0.5 for G233/56B. Results shown are representative for two assays performed.
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These cultures routinely contain 10-90% trophoblast cells with characteristics of extravillous trophoblast, being HLA-G positive (King et al., 2000) . Supernatants were collected from these trophoblasts cultured for 1-4 days in human tubal fluid (HTF) medium without serum in 24-well plates at a concentration of 2ϫ10 6 cells per well (10 6 /ml).
Follicular fluid was obtained from follicles punctured during an IVF protocol. Fluid from each follicle was collected separately in a low protein binding tube and after removal of the oocyte, the fluid was centrifuged and the supernatant was collected and frozen at -80°C until use.
Embryo culture supernatants (ECS) were derived from fresh or cryopreserved embryos generated at IVF procedures. In the case of fresh embryos, embryos were cultured separately in 10 µl medium (HTF plus 10% pasteurized plasma solution) under a drop of oil, after removal of medium containing sperm cells the day after fertilization. ECS was collected at day 3 or 5 of culture. In the case of cryopreserved embryos (frozen at day 3 of culture), thawed embryos were cultured for another 3 or 5 days in 10 µl of medium (HTF plus 15% GPO) under oil, and the medium was collected at these time points.
Recombinant soluble HLA-G
For the generation of recombinant soluble HLA-G, a construct for a single chain product containing all extracellular domains (α1, α2 and α3) of HLA-G, an HLA-G binding peptide (RLPKDFVDL) and β 2 M, coupled to each other by linkers, was made in a few steps. An overview of the different steps is shown in Figure 3 .
First we cloned the HLA-G specific fragment by PCR on a placental clone using HLA-G specific primers (sense primer: ATGGTGGTCATGGC-ACCCCGAACC and antisense primer: TGAGACAGAGACGGAGACAT) followed by a second PCR using primers: GAACTGATCAGGAGGAGG-AGGCTCCCACTCCATGAGGTATTTC (sense) and CAGAGGATCCTCC-TCCTCCTGATCCTATTCCTCCCCATCTCAGCATGAGGGGCTGGGG (antisense), both including part of a linker and an enzyme restriction site that allowed easy cloning of this fragment. Besides these two PCRs, a PCR was performed on a β 2 M clone (Image clone 909866) to obtain the β 2 M fragment again using primers that included enzyme restriction sites and (for the sense primer) part of the linker sequence: GAGGAGGATCCGGAGGAGGCGGTT-CTATCCAGCGTACTCCAAAGATTCAGG (sense) and TGAAGGTACC-TTACATGTCTCGATCCCACTTAAC (antisense). The front part of the construct, consisting of the leader peptide, the HLA-G binding peptide and a linker, was generated by annealing eight overlapping oligonucleotides (of which the first and last again contained enzyme restriction sites). All three resulting fragments were ligated into one large fragment which was cloned into the pNGV1 expression vector (in-house generated vector). Chinese hamster ovary (CHO) cells were transfected with this vector and those cells expressing HLA-G were selected by staining the cell culture supernatant in a Western blot with HCA2 (kindly provided by Dr H.Ploegh, Boston, USA). One positive clone was selected for a large scale production and the recombinant soluble HLA-G was purified in two steps: first by ion exchange chromatography using a Q-sepharose column (Streamline Q XL, pH 8.0) with 0.8 mol/l sodium chloride as elution buffer and secondly by immunoaffinity Figure 9 . HLA-G specific sandwich ELISA methods tested on blastocyst culture supernatant. (A) Responses on two pools of culture supernatants: one derived from 22 frozen-thawed embryos grown further to day 5 blastocysts (blastocysts) and one derived from 22 frozen-thawed embryos showing arrested growth at day 5 (no blastocysts). Samples, non-diluted, 4ϫ, 8ϫ and 16ϫ diluted, were measured by three types of sandwich ELISA: 56B (2 µg/ml) in combination with BFL.1-biotin (1.25 µg/ml), W6/32 (2 µg/ml) in combination with 56B-biotin (0.5 µg/ml) and G233 (2 µg/ml) in combination with 56B-biotin (0.5 µg/ml). Responses have been corrected for background responses towards culture medium alone. A pool of amniotic fluids was included in each assay as the control; corrected OD 450 values were: 2.8 for 56B/BFL.1; 1.5 for W6/32/56B and 0.5 for G233/56B. (B) Responses on culture supernatants derived from 12 fresh 5-day-old blastocysts (numbered 1-12) and on one pool of 19 frozen-thawed embryos grown further to the blastocyst stage till day 8 (Bl). Samples (undiluted) were measured by two types of sandwich ELISA: 56B (2 µg/ml) in combination with BFL.1-biotin (2.5 µg/ml) and G233 (2 µg/ml) in combination with 56B-biotin (2 µg/ml). Responses have been corrected for background responses towards culture medium alone. A pool of amniotic fluids was included in each assay as the control; corrected OD 450 values were: 1.7 for 56B/BFL.1; 1.4 for W6/32/56B and 0.5 for G233/56B. Figure 8 . HLA-G specific sandwich ELISA methods tested on follicular fluid. Responses on 5ϫ and 2ϫ concentrated, not concentrated and 2ϫ diluted follicular fluids (for each follicular fluid shown by the four bars in this order from left to right) measured by (A) the combination of 56B (2 µg/ml) and BFL.1-biotin (1.25 µg/ml), (B) the combination of W6/32 (2 µg/ml) and 56B-biotin (0.5 µg/ml) or (C) the combination of G233 (2 µg/ml) and 56B-biotin (0.5 µg/ml). Follicular fluids 1-5 are derived from follicles that contained an oocyte that was fertilized, transferred and resulted in a successful pregnancy. Follicular fluids 6-10 are derived from follicles that contained an oocyte which was fertilized and transferred, but which did not result in a successful pregnancy. Follicular fluids 11-15 are derived from follicles that contained an oocyte that could not be fertilized. The horizontal line in each figure represents the average background value of the assay (response to control medium) ϩ 3ϫSD. A pool of amniotic fluids was included in each assay as the control; corrected OD 450 values were: 1.8 for 56B/BFL.1; 1.4 for W6/32/56B and 0.5 for G233/56B. 781 chromatography using a 56B-coupled N-hydroxysuccinimide-sepharose column with 0.1 mol/l glycine, pH 2.7 as elution buffer. The final eluate was neutralized and desalted. Concentration and purity of the recombinant protein was determined by densitometry from a Commassie Brilliant Blue stained protein gel containing both the recombinant protein as well as a protein standard range. Purity of the recombinant product was 85%, and the concentration was 8.4 µg/ml. The recombinant protein (with a size of 48 kDa) and degradation products were specifically stained by 56B on a Western blot (see Figure 4 ).
Sandwich ELISA
Microtitre plates (96-well; Greiner) were coated with different monoclonal antibodies at the indicated concentrations in 0.1 mol/l carbonate buffer pH 9.0 (Pierce, Rockford, USA) overnight at 4°C. Plates were blocked with phosphate-buffered saline (PBS) containing 0.05% Tween 20 (PBS-Tween) and 5% skim milk (Difco, Detroit, USA) for 2 h at room temperature. After four washes with PBS-Tween, the samples (50 µl/well diluted in PBS) were added (if possible in duplicate) and incubated for 2 h at room temperature and overnight at 4°C. The different detecting biotinylated antibodies (at the indicated concentrations, diluted in PBS-Tween with 0.5% skim milk) were added to the wells after four washes with PBS-Tween and incubated again overnight at 4°C. Plates were washed four times with PBS-Tween and incubated with VECTASTAIN Elite ABC reagent (Vector Laboratories, Burlingame, USA) for 1 h at room temperature. Finally, plates were washed four times with PBS-Tween and four times with demineralized water and incubated with substrate (3,3Ј,5,5Ј-tetramethylbenzidine/ureum hydrogen peroxide; Organon Teknica, Boxtel, The Netherlands) for 30 min at room temperature in the dark. The reaction was stopped by addition of 2N H 2 SO 4 . Absorbance was measured at 450 nm in an Anthos EIA-reader 2001 Labotec (Zymark Lab Automation, Breda, The Netherlands).
Statistical analysis
A correlation study between the results of two assays (the ELISA method using W6/32 and BFL.1-biotin in comparison with the ELISA method using G233 and 56B-biotin) was performed by a Pearson correlation analysis. This statistical test compares pairs of results and calculates a correlation coefficient (r) for the paired values. Results are positively correlated when r Ͼ 0.7 with a P-value Ͻ 0.05 (confidence interval of Ͼ95%).
Results
Development of an HLA-G specific ELISA
Nine combinations of antibodies were tested in a sandwich ELISA using amniotic fluid (containing HLA-G) as an antigenic sample. The resulting responses of three combinations all using BFL.1-biotin as the detecting antibody are shown in Figure 5A .
From these three assays, the combination of 56B as the capturing mAb and biotinylated BFL.1 as the detecting mAb showed the highest response on amniotic fluid (OD 450 of 2.7). However, since it is not known what type of HLA-G is being recognized by BFL.1, six other combinations of antibodies, excluding the use of BFL.1, were also tested, the responses of which are shown in Figure 5B .
From these six assays, the combinations with 56B-biotin as the detecting antibody (W6/32/56B-biotin and G233/56B-biotin) appeared to result in the highest responses to amniotic fluid (OD 450 values of 0.72 and 0.63 respectively).
To confirm the HLA-G specificity of the three selected ELISA methods (56B/BFL.1-biotin, G233/56B-biotin and W6/32/56B-biotin), culture supernatants of Epstein-Barr virus transformed B cell lines expressing HLA-A, -B and -C but no HLA-G and culture supernatants of cell lines without any expression of HLA (CHO cells) were tested. No responses were found towards these samples (data not shown).
Detection of HLA-G in different samples
As shown above, using the three ELISA methods we were able to detect HLA-G in amniotic fluid. However, whether all three ELISA methods recognize the same form(s) of HLA-G possibly present in amniotic fluid (shed membrane-bound HLA-G1 or HLA-G2, soluble HLA-G5 or HLA-G6 or maybe other still unknown forms of HLA-G) is not clear. For this reason all three selected ELISA methods were used to test the presence of HLA-G in samples from additional sources: recombinant soluble HLA-G, primary trophoblast culture supernatant, follicular fluid and preimplantation embryo culture supernatant.
782
Figure 10. HLA-G specific sandwich ELISA methods tested on 20 amniotic fluids. Amniotic fluids from 20 individuals were tested in two sandwich ELISA methods. Normalized absorbances found with the W6/32 (2 µg/ml)/ BFL.1-biotin (1.25 µg/ml) assay are shown along the x-axis, normalized absorbances found with the G233 (2 µg/ml)/56B-biotin (0.5 µg/ml) assay are shown along the y-axis. Pearson correlation revealed a correlation coefficient (r) of 0.21 and a P-value of 0.36.
Recombinant soluble HLA-G
First a concentration range of a purified recombinant soluble HLA-G1 product was tested. This product was not detected by the 56B/ BFL.1-biotin sandwich ELISA. In contrast, the W6/32/56B-biotin assay and the G233/56B-biotin assay both showed a dose-dependent response to the recombinant HLA-G product (Figure 6 ). The G233/ 56B-biotin assay was clearly much more sensitive for the detection of recombinant soluble HLA-G (lowest detection level~1 ng/ml) than the W6/32/56B-biotin assay (lowest detection level 100 ng/ml). Thus, it appears that the most sensitive ELISA for measuring HLA-G in a form similar to the recombinant HLA-G product is formed by G233 in combination with 56B-biotin. As can be seen in Figure 6 , the amount of HLA-G to be measured by this assay ranges from 1-120 ng/ml. According to the OD 450 values seen with the dose-range of this recombinant soluble HLA-G standard, the OD 450 value of amniotic fluid, measured by G233/56B-biotin (0.63), corresponds to an HLA-G concentration of~20 ng/ml.
Trophoblast culture supernatant
Secondly, we investigated whether extravillous trophoblasts from first trimester human placentae would produce a soluble form of HLA-G which could be detected by one or more of the three HLA-G specific ELISA methods. For this purpose, supernatants from in-vitro cultured primary trophoblasts (1.3ϫ10 6 cells/ml) were collected at day 1, 3 or 4 of the culture. Supernatants derived from four or five different trophoblast cultures, collected at the same time, were pooled and an aliquot was concentrated five times. The concentrated, nonconcentrated and diluted samples were tested. Results are shown in Figure 7 . Again, the G233/56B-biotin assay appeared to be most sensitive for the detection of HLA-G in these samples. In particular, samples derived from 1 day trophoblast cultures were found to contain reasonable quantities of HLA-G. According to the recombinant soluble HLA-G standard, the concentration would be~20 ng/ml.
Follicular fluid
Follicular fluids, collected from punctured follicles during an IVF protocol, were tested to assess whether one or more forms of soluble HLA-G would already be present in the fluid surrounding the oocyte.
Selection of the follicular fluids tested was based on the quality of the oocytes derived from these fluids, as explained in the legend of Figure 8 . The follicular fluids were tested in a range from five times concentrated to 50 times diluted. However, in all three assays, responses were below or around the control level, indicating that HLA-G is probably not expressed in the ovarian follicle ( Figure  8A-C) .
Embryo culture supernatants
To investigate whether a soluble form of HLA-G is already produced by the preimplantation embryo, we collected supernatants of in-vitro cultured embryos from couples participating in an IVF programme. For this purpose, embryos at different developmental stages (8-cell stage, blastocyst stage or beyond blastocyst stage) or with different morphological scores (good blastocysts or embryos with arrested growth) were selected. The embryos were cultured singly in 10 µl of medium, supernatants of selected groups were pooled and, when possible, divided into three equal parts to be tested in all three sandwich ELISA methods. None of the ELISA methods detected any HLA-G in supernatants from fresh 8-cell stage embryos (data not shown). No HLA-G could be detected in supernatants from blastocysts ( Figure 9A ). Since these media were derived from frozen-thawed embryos, which might be qualitatively different from non-frozen embryos, we also tested media from fresh embryos cultured to the blastocyst stage and in addition, we tested media from frozen-thawed embryos cultured for a longer time ( Figure 9B ). Again, no HLA-G could be detected. From these data it must be concluded that embryos do not secrete one or more forms of soluble HLA-G at this early stage of development. Alternatively, production of HLA-G is below the detection level of the ELISA methods used.
Summary
In summary, the G233/56B-biotin ELISA appears to be the only assay that recognizes HLA-G not only as a recombinant protein, but also in its form present in amniotic fluid and produced and secreted by primary trophoblast cells. Therefore, this assay is preferred over others in the detection of HLA-G in body fluids as well as in cell culture supernatants.
Comparison of two ELISA methods for the detection of HLA-G in different amniotic fluid samples
Since the combination of the HLA-G specific antibody BFL.1 with the pan-HLA class I antibody W6/32 has frequently been used to detect HLA-G in amniotic fluids (Fournel et al., 1999; Puppo et al., 1999) , we wondered whether the outcome of responses of several amniotic fluid samples when using the assay including BFL.1 and W6/32 could be compared with the outcome when using the G233/ 56B-biotin assay. Since we obtained only very low or no responses to amniotic fluid when coating was performed with BFL.1 and detection with W6/32-biotine, we chose to use W6/32 as the coating antibody and BFL.1-biotine as the detecting antibody.
The W6/32/BFL.1-biotin ELISA and the G233/56B-biotin ELISA were used to test 20 separate amniotic fluid samples. Figure 10 shows a scattergram of the normalized OD values (values are relative to the mean OD of all 20 samples which is set at 1) of both assays. As can be seen in this figure, no significant correlation between the two types of measurements could be found: Pearson correlation revealed r of 0.21 and a P-value of 0.36.
Discussion
Different ELISA methods to detect soluble forms of HLA-G in biological fluids or cell culture supernatants have been described by several groups during the last 4 years. Due to uncertainties about the 783 precise specificity of the antibodies used and the forms of secreted HLA-G, different results and conclusions have been obtained (Athanassakis et al., 1999; Fournel et al., 1999; Hamai et al., 1999; Puppo et al., 1999; Rebmann et al., 1999) . Despite accumulating evidence that the major physiological secreted form of HLA-G is HLA-G1, by expression of the intron 4-containing form (also called G5) (Bainbridge et al., 2000a; Paul et al., 2000a) or as shed membrane bound HLA-G1, some groups still report the possible presence of other soluble forms of HLA-G in biological fluids (Hunt et al., 2000) .
Here we describe the use of three new sandwich ELISA methods including the well characterized, highly HLA-G specific, monoclonal antibody G233, together with a new monoclonal antibody to HLA-G, 56B. Using this ELISA, we show the presence of HLA-G in amniotic fluid and 1 day trophoblast culture supernatant, whereas no HLA-G could be found in follicular fluids or preimplantation embryo culture supernatants of IVF patients. The latter finding is in contrast with the results published by Jurisicova et al. who demonstrated expression of HLA-G by most preimplantation embryos (Jurisicova et al., 1996) . This difference cannot easily be explained. Possibly, the anti-HLA-G antibody they used (1B8) had a different pattern of specificity.
When a comparison is made between the G233/56B-biotin ELISA and the two other ELISA methods described in this paper, the G233/ 56-biotin ELISA seems to be most sensitive for detection of HLA-G in a recombinant or native form. One exception is the detection of HLA-G in amniotic fluid. In this case the use of BFL.1 (in combination with 56B or W6/32) seems to respond much better. However, the BFL.1-based ELISA does not seem to recognize recombinant HLA-G or HLA-G derived from primary cultures of trophoblasts. Furthermore, comparison of the responses with a set of amniotic fluids derived from different individuals measured by the combination of W6/32/ BFL.1-biotin and G233/56B-biotin, revealed substantial differences. The only possible explanation for these differences is again a difference in specificity of the different antibodies. G233 has clearly been shown to detect full length HLA-G1, also recognized by 56B raised against an HLA-G specific peptide from the α2 domain. Although BFL.1 is also raised against the full length HLA-G1 (Bensussan et al., 1995) , we were not able to confirm its specificity, either by the ELISA methods or by other methods such as FACS analyses, immunoprecipitations or Western blotting of HLA-G1 positive cell lines (data not shown). Although some groups have reported clear HLA-G specificity of BFL.1 (Wagner et al., 2000) , others have also reported problems using BFL.1 (Blaschitz et al., 2000; Paul et al., 2000b) . Maybe BFL.1 recognizes another separate form of HLA-G only found to be present in amniotic fluid. Since combination of BFL.1 with W6/32 as well as with 56B recognizes this putative particular form of HLA-G in amniotic fluid, this form must be associated with β2m and must contain an HLA-G α2 domain. However, so far, the only known isoforms of HLA-G that fulfil these characteristics are HLA-G1 and HLA-G5.
In conclusion, the sandwich ELISA using the combination of G233 as the coating mAb and 56B as the detecting mAb forms a reliable and sensitive assay for detection of HLA-G in both biological fluids and cell culture supernatants. This assay should preferably be used for (soluble) HLA-G specific analyses.
